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La majorité de la population urbaine des pays en voie de développement dépend de systèmes assainissement
autonomes produisant des boues de vidange dont le contenu en pathogènes représente un risque important pour
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Rabenifara aura à établir une méthode moléculaire de quantification des æufs d'helminthe sur la base d'une étude
publiée en 2006 par Pecson et al. l1l permettant un suivi optimal des pathogènes et de leur viabilité lors des lesls
d'inactivation.
Objectifs
L'objectif général du travail de diplôme est d'établir et d'appliquer une méthode moléculaire (qPCR) pour la
quantiflcation des æufs d'helminthe dans des boues de vidange.
Les objectifs spécifiques sont :
1) Elaborer et tester des méthodes d'extraction des acides nucléiques des boues de vidange
2) Mise en place de la méthode de qPCR
3) Développer une procédure d'analyse des échantillons de boues de vidange contenant des quantités connues
d'æufs d'helminthe
4) Analyser des échantillons issus de tests d'inactivation par digestion anaérobie
5) Evaluer les résultats de quantification
6) Rédiger un rapport final et présenter de manière orale les résultats
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Object ives 
This study is a part of a project that aims to set up a molecular method to evaluate 
the viability of Ascaris eggs during sludge treatment. The specific objectives of the 
thesis is to develop a method for breaking eggshell prior to nucleic acid extraction 
and to design and optimize a qPCR method to quantify viable Ascaris eggs. 
Methods | Experiences | Results  
Ascaris suum eggs were used as a model for the development of the method. The 
complexity of Ascaris eggshell structure is an obstacle for the nucleic acid 
extraction. This is why thirteen combinations of thermic, enzymatic, chemical and 
mechanical treatments prior to nucleic acid extraction were tested. Mechanical 
treatments were shown to be the most efficient method to break eggshell. Among 
the four tested RNA extraction methods, the one using PowerLyzer UltraClean 
Tissue and Cells RNA isolation kit gave the highest extraction yield (16.8 ng/µl) 
and the purest RNA molecules. The classical reverse tanscription method using 
anchored oligo-dT primer allowed the best selectivity compared to the two other 
studied methods. 
Three molecular targets were assessed : ITS-1 rDNA as a reference target, As-
p18 mRNA encoding for a developmental regulated protein and CDP6 mRNA 
encoding for a regulator protein involved in cell apoptosis. The primer design was 
optimized and the linearity ranges of the qPCR methods were evaluated. The 
LLOQ of the methods quantifying ITS-1 rDNA, As-p18 cDNA and CDP6 cDNA are 
33 copies/µl, 17 copies/µl and 3 copies/µl, respectively. 
 
 
Development of a molecular method for 
enumerating viable Ascaris eggs from sludge 
 






















































Bachelor’s Thesis  











Dr Schmid Sergio 
sergio.schmid@hevs.ch   
 
Partner 





Light microscopy photograph of a 
single-cell Ascaris suum egg. 
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Poor" sanitation" is" frequently" associated"with" infectious" diseases" such" as" hepatitis," polio," typhoid,"
cholera," and" especially" soilFtransmitted" helminthiasis" (STH)." STHs" describe" human" intestinal"
infections"caused"by"nematode"worms."STHs"are"mainly"dangerous"due"to" their"chronic" impact"on"
nutritional"status,"development"and"quality"of"life"of"their"host"rather"than"the"mortality"they"cause."
It" was" shown" that" STHs" are" responsible" of" around" 6’000" deaths" and" over" 4’000’000" disabilityF





WHO" envisions" reducing"morbidity" due" to" STHs" among" children" (1F14" years" old)." To" achieve" this"
goal,"WHO"recommends"a"preventive"treatment"with"anthelminthic"drugs."This"measure"consists"on"
the" distribution" of" these" drugs" to" population" at" risk" and" the" carrying" out" of" a" regular" preventive"
treatment,"especially"among"children."The"inconvenient"of"this"approach"is"that"a"regular"treatment"
can"induce"the"development"of"a"resistance"to"anthelminthic"in"targeted"parasites."Thus,"improving"
sanitations" could" be" a" solution" to" prevent" the" spread" of" the" infections." Indeed," one" of" the"main"
factors" of" the" spread" of" infections" is" the" reFuse" of" biosolid" waste" and" wastewater" in" agriculture"






a" value" <" 0.1" helminthes" egg" per" gram" of" treated" sludge" is" more" appropriate" when" children" are"
directly"exposed"to"the"sludge"[2].""
"
The" Department" of" Water" and" Sanitation" in" Developing" Countries" (Sandec)" of" the" Swiss" Federal"
Institute"of"Aquatic"Science"and"Technology"(Eawag)"has"set"a"project"called"Partnership"for"Urban"
Resource"Recovery"(PURR)"in"collaboration"with"the"EPFL."The"goal"of"the"project"is"to"evaluate"and"
optimize" the" treatment" of" feacal" sludge" by" anaerobic" digestion." The" PURR"project" focuses" on" the"
situation"in"Vietnam."In"this"country,"the"sludge"was"thrown"outside"the"town"without"treatment."In"
northern"Vietnam,"sludge"are"used"as"fertilizer"in"agriculture"without"prior"treatment"[3]."In"order"to"




this" study." Indeed,"Ascaris'eggs" are" very" resistant" and"persistent" in" environmental" conditions" and"




































The"most" common" family"present" in" feaces"and" the"most" resistant" to"environmental" conditions" is"





Above" the"13F16"known"species"of"Ascaris," two" species"are"of" the"highest"medical" significance:"A.'
lumbricoides' and" A.' suum," infecting" humans" and" pigs" respectively." The" two" species" are"





















Depending" on" its" stages" of" development," the" egg" can" be" composed" of" 1" to" 600" cells." The" figure"
bellow"shows"the"steps"of"an"Ascaris'suum'egg"development:"
"











that" does" not" attempt" the" larval" stage" within" 21" days" of" incubation" in" optimal" conditions" is"
considered"as"inactivated.""
"




the" larvae" return" to" the" small" intestine" and" reach"maturity." Adult" worms" can" live" about" 6" to" 18"
months"in"the"intestine."A"female"can"shed"about"200’000"eggs"per"day"inside"the"infected"organism"
[2,6–8]."These"eggs"are"then"evacuated"outside"the"host"by"feaces"and"develop"from"singleFcelled"to"
infective" larval" eggs" in" the" environment" through" some" stages" of" cell" multiplication" and"
organogenesis."A"healthy"person"could"then"ingest"eggs"and"the"cycle"restarts."
"



















most" conventional"microscopy"method"consists"of" isolating"eggs" from"environmental" samples"and"
incubating"them"at"26°C"for"3F4"weeks."Enumeration"is"then"done"by"microscopy"and"viable"eggs"are"
identified"by"the"presence"of"motile"larva"inside"the"eggs."The"advantage"of"this"method"is"the"fact"
that" it" is" well" characterized" and" easy" to" implement." The" main" struggle" of" this" method" is" the"
differentiation"between"viable"and" inactivated"eggs"and"the"differentiation"between"species."Dead"
eggs" can" be" identified" by" the" presence" of" some" kinds" of" bubbles" within" the" egg" and" by" the"
deformation"of"cells"inside"the"egg.""
Some"improvements"were"proposed"in"order"to"moderate"this"effort."Gaspard"et"al."[11]"proposed"to"
treat" the" eggs" with" bleach" after" the" incubation" time." This" treatment" makes" the" eggshell" more"




Recently,"microscopy"method"was" combined"with" the" viability" kit" BacLight" Live/Dead[13]." This" kit"
was" intended" to" test" the" viability" of" bacteria" on" the" basis" of" the" membrane" integrity" difference"
between"viable"and"nonFviable"cells." It"has"two"dye"markers:"green"fluorescent"dye"(Syto"9)"that" is"
taken"up"by"viable"cells"and"a"red"fluorescence"dye" (propidium" iodide)" that"enters"only"nonFviable"
cells" and" quenches" Syto" 9." In" the" case" of" Ascaris" eggs," nonFviable" ones" are" stained" at" the" inner"




of" enumeration." Moreover," it" can" decrease" the" time" required" to" obtain" an" operable" result" [2]."
Molecular"method"has"already"been"used"for"diagnostic"purpose,"targeting"mtDNA"or"rDNA"[14,15]."
A"qPCR"method," targeting"the" ITSF1"rDNA"gene"of"Ascaris,"was"developed"by"Pecson"et"al" [7]."This"
method"allows"determining"the"total"number"of"Ascaris"eggs"in"one"day."For"the"distinction"between"
viable"and"nonFviable"eggs,"the"method"needs"10"days"of"incubation"before"DNA"extraction."During"
the" incubation" time," viable" singleFcell" eggs"develop" into" larval"eggs."As"a" larval"egg"has"about"600"




To" set"up"a"molecular"method," it" is"necessary" to"determine" the" fragment"of" the"genome" that" can"
provide" the" appropriate" resolution" in" term"of" taxonomy"and" specificity." Indeed," a" suitable"nucleic"















As" mentioned" before," the" quantification" of" the" ITSF1" rDNA" has" already" been" studied" in" order" to"
enumerate"Ascaris" eggs" [7]."To"determine" the"expression" level"of" ITSF1"and" thus" the"bioactivity"of"
eggs,"that"study"worked"also"on"ITSF1"rRNA."But,"as"ITSF1"is"an"intergenic"region,"its"RNA"has"a"very"






AsFp18" is" a" protein" of" the" family" of" fatty" acid" binding"
proteins"(FABPs)."A"study"was"done"by"Mei"et"al."[16]"to"
evaluate" the" occurrence" of" AsFp18"within"Ascaris" eggs"
and"adult"worms."The"aim"of"that"study"was"to"identify"
the" major" proteins" in" the" perivitelline" fluid" of" Ascaris"
eggs"and"to"determine"the"structure"of"ASFp18"in"order"
to"define"its"function"in"the"high"resistance"of"the"eggs."
These" proteins" could" effectively" explain" the" high"
resistance" of" the" eggshell." The" perivitelline" fluid" was"
recuperated" from" infective" eggs" after" mechanical"
disruption" and" analyzed" by" twoFdimensional"





The" function"of"AsFp18" in"Ascaris'eggs" is"not" yet"determined"precisely,"but" it"was"assumed" that" it"
contributes" to" the" great" resistance" of" eggs" in" several" hard" conditions." They" would" potentially" be"
responsible"of"the"sequestration"of"toxic"fatty"acids"and"of"their"oxidation"products"[15]."






The" expression" of" AsFp18" could" therefore" be" used" to" determine" the" activity" and" the" viability" of"





The" first" pair" amplifies" a" sequence" located" between" two" different" exons," while" the" second" one"






The"CEDF6"gene"encodes"for"an"adapter"protein" involved" in"the"engulfment"of"apoptotic"cells" [17]."
Indeed," it"was" shown" that," in" vivo," cells" presenting" apoptotic"morphology" are" rapidly" engulfed" to"
prevent"the"releasing"of"harmful"components"during"apoptosis."There"are"many"proteins"involved"in"
the" recognition," endocytosis" and" digestion" of" corpses" and" dying" cells." The" CEDF6" protein" works"
downstream"CEDF1"(a"transmembranaire"phagocytic"receptor)"and"CEDF7"(a"transmembranaire"ATPF
binding"cassette"protein"involved"in"the"recognition"of"cellFcorpse"by"CEDF1)"[17–19]."Even"if"CEDF6"















In" this"project," two"pairs"of"primers"amplifying" two"different" regions"on"CDP6"mRNA"were" tested."
































! LB"nutrient"broth"! BactoTM"Tryptone,"BD" "" " " " " Ref."211705"! BactoTM"Yeast"Extract,"BD"" " " " " " Ref."212750"! BactoTM"Agar,"BD" "" " " " " " Ref."214010"
"! LifeGuardTM"Soil"Preservation"Solution,"Mobio" " " Ref."34861"
Cat"#"12868F100"




Taq"DNa"Polymerase"kit,"PeqLab" " " " " Cat"#"01F1020"
"
Composition"of"the"kit:"! Reaction"buffer"10x,"PeqLab" " " " " ""! dNTPFMix"10"mM"each,"PeqLab" " " " " "! MgCl2","PeqLab" " " " " " " "! TaqFDNA"Polymerase"5u/µl,"PeqLab"" " " " "
! RT"
ImPromFII™"Reverse"Transcription"System,"Promega" " " Cat"#"A3800"
"



















































pGEMT"vector" "SP6"Primer" 5’FATTTAGGTGACACTATAGAAF3’" 20"
























mechanically," enzymatically" or" by" heating." Once" the" cell" membrane" is" lysed," the" DNA" must" be"
purified"from"all"the"inner"components"of"the"cell"(proteins,"lipids,"etc)."In"the"case"of"Ascaris'eggs,"it"
is"necessary" to"break" the"eggshell"prior" the"cell"membrane" lysis." Indeed," cells"must"get"out"of" the"
shell"to"be"attainable."The"step"of"eggshell"breaking"is"the"most"challenging"part"of"the"nucleic"acid"
extraction."




targeting" the" ITSF1" region"and"cytb." In"order" to"break"eggshells,"eggs" samples"and" feces"were"




the"cytb"of"ancient"Ascaris"eggs" from"coprolites"at" the"MiddleFAge"site"of"“Places"d’Armes”" in"
Namur." Eggshells"were"broken"by"ultrasonication" for" 20"min" at" 60°C." The" samples"were" then"
incubated" overnight" with" shaking" in" the" presence" 1.5" mg" of" proteinase" K" before" the" DNA"
extraction.""
"


































tube." It" was" then" incubated" for" 1" minute" at" room" temperature." After" that," the" suspension" was"
centrifuged"at"700"x"g"for"2"minutes"and"resuspended" in"1.5ml"of"3.8%"NaClO." It"was"necessary"to"
leave" the" tube" in" a" vertical" position" for" 10" minutes" in" order" to" let" the" bleach" acts" against" the"















The"washed"eggs"were"suspended" in"0.5M"EDTA"with"0.5%"NFlauryl" sarcosyl" in"order" to"dismantle"
the"lipoprotein"layer"of"the"Ascaris'eggshell."
"











The" effects" of" physical" treatments" (mortar" crushing" and" ultrasonication)" were" observed" by"
microscopy"in"order"to"determine"their"effect"in"the"morphology"of"the"Ascaris"eggs."
3.1.2 .RNA.extraction.methods.







The" first" method" is" the" TRIzolFbased" protocol" currently" used" in" the" laboratory" of" environmental"
biotechnology"of"EPFL"[appendix"6]."Briefly,"the"protocol"is"summarized"in"four"big"steps:"! Sample"lysis"and"extraction:"suspension"in"TRIzol"for"the"cell"lysis"and"addition"of"chloroform"
for"the"isolation"of"nucleic"acids"! RNA"preparation:"purification"of"the"RNA"(and"DNA)"with"a"Zymo"column"! DNAse"treatment:"elimination"of"the"contaminant"DNA"! RNA"recovery:"again"a"purification"of"the"RNA"with"a"Zymo"column"
" "
Boiling"and"freezing"cycles" Water"washing"+"suspension"in"EDTA/sarcosyl" Water"washing"
F" Proteinase"K""2h"at"60°C" Bleach" Ultrasonication"











Centri." F" Centri." BB" Centri." Crush"
Manual"crushing"















The" two" last" methods" are" based" on" two" RNA" extraction" kits:" ReliaPrepTM" RNA" Tissue" Miniprep"
System" and" ReliaPrepTM" RNA" Cell" Miniprep" System." The" protocols" used" during" the" project" are"
adapted"from"the"protocol"provided"with"these"kits" [Appendix"7:"ReliaprepTM"RNA"Tissue"Miniprep"











step" 8" for" ReliaPrepTM" RNA" Cell" Miniprep" System" and" from" step" 6" for" ReliaPrepTM" RNA" Tissue"
Miniprep"System."
! Eggs"within"sludge"
Because"of" the" complexity"of" the" sample"matrix," the"RNA"extraction"needs" some" improvement" to"
reduce"inhibitions"and"RNA"degradations."To"this"end,"four"extraction"methods"were"tested."The"first"





for" RNA" extraction" from" tissues" and" complex" samples." The" extraction"was" done" according" to" the"
protocol"provided"with"the"kit"[appendix"10]."








Reverse"transcription" is"a"process" in"which"singleFstranded"RNA" is" transcribed" into"complementary"











"! “random" primer”" is" six" to" nine" bases" long"



















Mix"ARN/primer" " Mix"for"RT(+)" " Mix"for"Rt(F)"
Reagent! Volume![µl]! ! Reagent! Volume![µl]! ! Reagent! Volume![µl]!
Primer"" 2.5"" " H2O" 6.1"" " H2O" 3.55""
H2O" 0.0"" " Buffer"5x" 4.0"" " Buffer"5x" 2.00""
RNA"sample"" 7.5"" " dNTPs" 1.0"" " dNTPs" 0.50""
RNAsin"(20"U)" 1.0" ! MgCl2" 2.4"" " MgCl2" 1.20""
! " ! ImProm\II!RTase" 1.0"" " " "
Total*! 11.0! ! Total" 14.5!" " Total! 7.25!!




























dsDNA" is"performed"by"heating"the"sample"at"a" temperature"close"to"his"boiling"point" (94F96"°"C)."
DNA"polymerase"also"needs"a"short"fragment"of"dsDNA"and"a"free"3'Fend"as"a"starting"point"for"the"
synthesis"of"the"complementary"strand."This"is"why"single"stranded"primers,"that"are"complementary"




















































After" a" PCR," the" samples" are" analyzed" by" gel" electrophoresis" in" order" to" determine" if" the" correct"
target" was" amplified." It" can" also" reveal" qualitatively" the" amount" of" amplified" products" and" the"
















Two" types"of" fluorescent"compound"are"used" in"qPCR:" intercalating"agents" (ex:"SYBR"Green" I)"and"
fluorescent"probes"(ex:"probe"TaqMan...)."Intercalating"agent"binds"to"dsDNA,"between"the"strands"













method" (qPCR)" and" a" calibration" curve." The" calibration" curve" is" done" with" linearized" plasmids"
containing" a" part" of" the" target." Pecson" et" al." provided" the" plasmid" standard" (pASI)" used" for"










The"plasmid" containing"AsFp18"DNA" fragment" (pASP)"was" provided" in" small" amount." Therefore," it"
was"necessary"to"increase"the"copy"number"of"plasmid"by"cloning"it"in"a"competent"cell."
"
The" transformation" of" the" competent" cells" (E.' coli' XL1*Blue)" was" performed" as" described" in" the"
protocol"below:"! Take"the"tubes"containing"the"competent"cells"from"the"freezer"and"leave"them"on"ice"for"5"min"! Prepare"two"plates"NA"agar"with"50"µg/ml"ampicillin"! Add"50"µl"of"competent"cells"in"two"different"tubes"! Add"pASP"to"one"of"the"tubes"containing"the"competent"cells"–"mix"by"inverting"the"tubes"three"
times"and"incubate"on"ice"for"15"min"! Put"the"tubes"into"a"heating"block"set"to"42°C"for"1"min"and"replace"them"immediately"on"ice"for"




The"colonies"on" the"agar"plate"are" the"colonies"of" transformed"cells."One"colony" from"the"plate" is"
then"picked"up"and"cultivated"in"10"ml"of"LB"nutrient"broth"at"37°C"overnight.""
"




DNA" by" PCR." The" PCR" was" done" with" a" DNA" extract" obtained" by" the" extraction" method" “L”"
(described"in"chapter"3.1.1)."A"control"was"done"by"agarose"gel"to"ensure"that"the"amplified"product"
had" the" right" size" and" that" there" was" no" contamination" in" the" sample" that" could" induce" a" false"
positive"result.""










10:"pGEMFT"Easy"vector"map)"were"provided"opened" (by" the" restriction"enzyme"EcoR"V)"and"with"
terminal"thymidines"added"to"both"3’end."This"allows"to"prevent"recirculation"of"the"vector"and"to"
make"a"compatible"overhang"for"the"product"that"has"to"be"ligated."The"vector"contains"T7"and"SP6"





















The"different"steps"of"the"protocol"of"transformation"of"the"competent"cells"were"the"following:"! Take" the" tubes" containing" the" competent" cells" (E.' coli' DH5α)" from" the" freezer" and" put" them"
immediately"on"ice"for"5"min"! Prepare"three"plates"NA"agar"with"100"µg/ml"ampicillin"! Prepare"three"Eppendorf"tubes"with"50"µl"of"competent"E.'coli'DH5α"! Transfer" the" plasmid" containing" CDP6" DNA" fragment" to" one" of" the" tubes" and" the" plasmid"
without"the"CDP6"DNA"fragment"in"a"second"tube"–"mix"by"inverting"the"tubes"three"times"and"
incubate"on"ice"for"20"min"! Put"the"tubes"into"a"heating"block"set"to"42°C"for"1"min"and"then"immediately"replace"them"on"
ice"for"3"min"! Add"950"µl"of"LB"broth"and"incubate"for"1h"at"37°C"and"180"rpm"! Centrifuge"at"10’000"x"g"for"1"min"and"discard"the"supernatant"(leave"about"100"µl"in"the"tube)"! Plate"the"cells"on"NA"agar"and"incubate"at"37°C"overnight"
"
Colony'PCR'and'selection:'
It" is" necessary" to" verify" if" the" negative" control" is" negative" and" if" there" are" less" colonies" on"
background" control" than" on" transformation" plate."When" all" these" controls" are" done" and" give" the"
right"result,"a"colony"PCR"is"performed"and"the"right"colony"is"used"for"the"rest"of"the"experience."
The"colony"PCR"is"performed"according"to"the"protocol"described"below:"! Prepare"a"plate"LB"agar"with"100"µg/ml"ampicillin""! Prepare"15"PCR"tubes"numbered"1"to"15"and"add"10"µl"of"sterile"water"in"each"tube"! Draw"16"squares"in"the"back"of"the"plate"(4x4)"and"number"each"square"(1F16)"! Choose"an" isolated"colony,"pick" it"up"with"a"sterile" toothpick"and"set" the"picked"colony"out" in"

















































Preheating" 94" F" "





FFF" 72" 10":"00" "
"! Prepare"4"Eppendorf"tubes"with"64"µl"of"EtOH"100%"each"! Add"26"µl"of"milliQ"water"to"the"PCR"products"and"transfer"the"mix"to"the"tubes"containing"the"
EtOH""! Vortex"the"tubes""! Incubate"for"20"minutes"at"room"temperature"in"the"dark"! Centrifuge"for"20"minutes"at"13200"rpm"and"remove"the"supernatant"! Resuspend"in"250"µl"of"EtOH"70%"! Centrifuge"for"10"minutes"at"13200"rpm"and"remove"the"supernatant"
! 25"
"











! pASI! pASP! pASC!
Water"PCR"[µl]" 4.5" 3.0" 3.5"
RE"Buffer"10x"[µl]" 1.0" 2.0" 1.0"
Plasmid"(1000"ng)[µl]" 4.0" 14.0" 5.0"
NcoI"enzyme"10"U/µl"[µl]" 0.5" 1.0" F"
ScaI"enzyme"10"U/µl"[µl]" F" F" 0.5"
Total![µl]! 10.0! 20.0! 10.0!
"
These"preparations"were"incubated"for"2h"at"37°C."
After" the" digestion," it" is" necessary" to" dephosphorylate" the" extremities" of" the" linearized" DNA."
Therefore,"1"µl"of"SAP"(shrimp"alkaline"phosphatase,"Takara"Lot"#N701D8)"is"added"to"the"digested"






The" quantification" of" the" purified" plasmids"was"made"with" the" fluorescent" system"Qubit" BR." The"
robot"gives"a"concentration"of"DNA"in"ng/µl"and"it"has"to"be"converted"in"number"of"copies/µl."The"
equation"used"for"this"conversion"is"as"follows:"#copies/!l = C!×!10!!!"!"#$%&' ×! !"
where:"
C" " average"of"the"concentration"values"of"DNA"given"by"Qubit" [ng/µl]"
MWplasmid" mass"weight"of"the"plasmid"" " " " " [g/mol]"



























Preheating" 95" F" "


























Treatment! A! B! C! D! E! F! G! H! I! J! K! L! M!
Initial"
volume"[µl]" 300" 300" 300" 150" 150" 150" 150" 150" 150" 250" 250" 250" 250"
NanoDrop"
[ng/µl]" 4.2" 5.5" 1.4" 0.5" 34.1" 3.9" 1.1" 2.3" 2.8" 1.1" 0.9" 1.5" 1.9"
Qubit"HS"
[ng/ml]" 29.6" 52.0" 1.7" 1.6" 3.4" 2.0" 1.8" 2.4" 3.4" 63.7" 22.0" 83.1" 23.6"
Figure"11:"The"results"of"the"quantification"of"the"extracted"DNA"by"absorbance"measurement"
"























































D!! E!! F! G!! H! I! J! K! L! M!
1x" n.d." n.d." n.d." n.d." n.d." 3.93" F" F" F" F"
2x" n.d." n.d." n.d." n.d." n.d." n.d." F" F" F" F"
5x" 0.59" n.d." 0.32" 0.12" 0.98" 2.46"" 0.32" 0.67" 1.17" 0.04"
10x" 0.83" 0.87" 0.76" 0.17" 1.32" 5.31"" 0.14" 1.04" 0.83" 0.23"
20x" 0.84" 0.82" 1.07"" 0.61" 1.48" n.d." 0.13" 0.67" 0.74" 0.16"
40x" 0.85" 1.24" 1.49"" 0.32" 1.27"" 5.38"" 0.26" 0.77" 0.95" 0.26"
80x" 0.80" 1.34" 1.34"" n.d." 1.65" 5.82"" 0.11" 0.42" 0.68" 0.29"
















































! Kit!C! Kit!T! TRIzol!
Extraction"A"[ng/µl]" 3.3" 2.4" 2.9"
Extraction"B"[ng/µl]" 2.6" 2.5" 2.3"






































PowerLyzer! PowerLyzer" UltraClean" Tissue" and" Cells"
RNA"isolation"kit"+"DNAse"treatment"
16.8" 1.97" 1.12"
ReliaPrep! ReliaPrepTM" RNA" Tissue/Cell" Miniprep"
System"
6.7" 1.61" 1.09"
PowerSoil! RNA" PowerSoil" total" RNA" isolation" kit"""""""
+"DNAse"treatment"
6.3" 1.52" 0.53"





























PowerLyzer! ReliaPrep! PowerSoil! TRIzol!
1x" 31106" n.d." n.d." n.d."
5x" 27295" n.d." n.d." n.d."
10x" 63290" 230" n.d." n.d."
20x" 60600" 400" n.d." 220"
40x" n.d." 320" n.d." n.d."
Average! 61945! 317! n.d.! 220!
"



















































In" order" to" compare" the" efficiency" of" the" primer" pairs" designed" to" detect" and" quantify" AsFp18"
























The" difference" between" the" efficiencies" using" AsFp18" or" AsFp18Fx2" primers" is" not" significant."
However," the" number" of" copies" of" AsFp18" cDNAs" obtained"with" AsFp18" primer" pair" is"more" than"
twice"the"number"obtained"with"AsFp18Fx2.""


















The" standard" used" for" the" quantification" targeting" CDP6" was" done" with" a" DNA" extract." A" PCR"





The"PCR"product"was"purified" and"AFtailed." Then," a" ligation" step"was"done"with" the"pGEMFT"Easy"























broth." Then," the" plasmids" of" these" colonies"were" extracted." The" inserts"were" sequenced" and" the"
results"were"compared"to"the"sequence"of"the"amplicon"obtained"with"the"AsFCDP6Fx7"primer"pair."
The"results"of"the"sequencing"showed"that"the"sequence"of"the"insert"in"colony"10"has"only"96%"of"
similarities" with" the" expected" sequence," while" the" insert" in" colon5" has" 100%" of" similarities." The"
alignment"of"the"sequences"is"presented"in"appendix"14."
"
Thus," the" plasmids" obtained" from" colony" 5" were" diluted" to" a" final" concentration" of" 1" ng/µl" and"
















of" these" standards" allowed" calculating" the" number" of" copies" of" the" target" per" µl" of" sample." The"
calculation"of"the"number"of"copies"of"each"target"is"summarized"in"table"22."
Table"21:"Calculation"of"the"copy"numbers"of"each"target"in"their"respective"plasmid"standard"
Target! Target!size! Plasmid!size! MW! Conc.! Copy!number!in!original!sample!
Dilution!
series!
"" [bp]" [bp]" [g/mol]" [ng/µl]"" [copies/µl]" ""
ITSF1" 82" 4130" 2684500" 14.5" 3.26"x"109" 10F1"to"10F9"
AsFp18" 150" 3953" 2569450" 7.2" 1.69"x"109" 10F1"to"10F9"
CDP6" 155" 3170" 2060500" 10.2" 2.98"x"109" 10F1"to"10F9"
"
4.5.3 Characterization.of.the.qPCR.methods.




! ITS\1! As\p18! CDP6!
LOD" 3.26"x"101" 1.69"x"101" 2.98"x"100"
LLOQ" 3.26"x"101" 1.69"x"101" 2.98"x"100"
ULOQ" 3.26"x"109" 1.69"x"109" 2.98"x"109"
Efficiency" 0.81" 0.81" 1.03"
"








The"treatment"by"bleaching"does"not"seem"to" improve"the"extraction."On"contrary," this" treatment"
even"gave"the"lowest"amount"of"extracted"DNA"(1.7"ng/µl)."As"this"treatment"involves"several"steps"





The" highest" amount" of" extracted" DNA" was" achieved" with" methods" combining" enzymatic" and"
mechanical" treatments." Even" when" not" combined" with" enzymatic" treatment," the" mechanical"
treatment"gave"high"amount"of"extracted"DNA."Thus,"mechanical"pressure"is"the"best"way"to"break"
Ascaris" eggshells." Three" different" mechanical" treatments" were" tested:" ultrasonication," mortar"
crushing"and"bead"beating.""
It" was" noticed" that" the" amount" of" extracted" DNA" increases" proportionally" to" the" duration" of"
ultrasonication." This" trend" is" also" observed" with" the" qPCR" results." The" morphological" changes"
observed" by" light" microscopy" showed" that" the" eggshells" were" broken" after" ultrasonication" and"
mortar"crushing."Ultrasonication"causes"a"kind"of"fissure"in"the"eggshell,"thus"inducing"the"release"of"
the"cells"inside"eggs."An"observation"by"electronic"microscope"was"done"by"Loreille"et"al."[26]"after"
passing"the"Ascaris"eggs"through"ultrasonic"wave"at"60°C"for"20"minutes." In"the"reported" image," it"
can"be"clearly"observed"that"the"eggshell"presented"a"similar"fissure."
The"crushing"also"causes"a"fissure" in"the"shell." Interestingly,"the"shell" is"not"completely"broken"but"
present"one"exit"point"for"the"cells"or"larva."This"point"can"be"the"region"corresponding"to"the"point"
where"the"hatching"of" the" larva"happens." It" is"called"operculum"and"represents" the"single"point"of"
weakness"of"the"eggshell"[5].""
Bead" beating" is" the" harder" mechanical" treatment." Four" of" the" thirteen" tested" treatments" had" in"







extraction." For" further" improvements" of" eggshell" breaking"method," bead" beating" should" be"more"
exploited." Indeed,"mortar" crushing" is" a"manual" treatment" and" thus" presents"many" fluctuations" in"
term"of"strength"and"pressure." In"addition," the"microscopy"photographs"have"shown"that"the"cells"




are" probably" due" to" the" low" DNA" concentration" in" the" samples" and" the" lower" sensitivity" of" the"
NanoDrop" system" compared" to" the" Qubit" system." Indeed," although" NanoDrop" system" is" not"
recommended"for"concentrations"below"2"ng/µl,"the"precision"of"the"method"is"questionable"even"
below" 10" ng/µl" [27]." By" contrast," the" sensitivity" range" of" the"Qubit" system" is" from" 10" pg/µl" to" 1"
µg/µl."But"the"advantage"of"NanoDrop"is"that"the"A260/A280"and"A260/A230"ratios"can"give"some"
indications"about"the"purity"of"the"sample,"which"is"not"possible"with"the"Qubit"system.""





Note" that" the" low" concentration"of"DNAs" can"be"due" to" the"extraction"method" itself." Indeed," the"
extraction"method"using"Maxwell"16"robot"elutes"the"DNAs"in"300"µl"of"elution"buffer." It"would"be"
possible" to" increase" the" concentration"of"DNAs"by" precipitating" the" samples" and"by" resuspending"








The" PCR" results," targeting" AsFp18," show" that" the" samples" extracted" with" the" kits" have" more"
fluorescence" than" the" sample" extracted"with" the" TRIzolFbased"method." The" interpretation" of" this"
result"should"however"take"into"account"the"fact"that"contaminations"were"observed"in"the"negative"
control" and" the" RT(F)" samples." As" there" is" no" signal" around" 750" bp," these" contaminations" are"
probably" not" a" DNA" contamination." It"may" come" from" a" contamination" from" the" positive" control"
during"the"preparation"of"the"reaction"mix"for"the"PCR."Thus,"the"signal"obtained"in"the"RT(+)"of"the"




with"RNAse." Indeed," the" samples"are" treated"outside" the"hood"because" the"DNAse" reaction" takes"
place"at"37°C"and"there"is"no"heater"inside"the"hood."By"contrast,"samples"extracted"with"the"kits"are"







amount" of" RNA" obtained" with" this" kit" is" also" significant" (16.8" ng/µl)" compared" to" the" other" kits"
(about"6"ng/µl)."
By" contrast," all" the" samples" have" a" low"A260/A230" ratio." The" expected" value" for" pure" samples" is"
between"2.0"and"2.2,"and"the"extracted"samples"have"a" ratio"value"between"0.5"and"1.2."This" low"
value"indicates"that"the"sample"is"not"as"pure"as"expected."But,"this"value"is"also"influenced"by"the"




RNA" isolation" kit" and" a" slight" signal" in" the" RT(+)" of" the" sample" extracted"with" the" Reliaprep" RNA"









mRNA." The" RT" kit" seems" to" be" a" good" choice" for" the" continuation" of" the" project." Indeed," it" is"
timesaving"and"the"risk"of"contamination"or" loss"of"materials" is"minimized,"as"there" is" less"product"
handling."
But," in" the" case" of" the" CDP6" mRNA" analysis," the" sample" reverse" transcribed" by" the" biotool" kit"
method"did"not"give"any"positive"result."The"RT"using"anchored"oligoFdT"is"the"only"method"showing"
a"positive"signal"above" the" three" tested"methods" (classical"with"specific"primer,"anchored"oligoFdT"
and"kit"method)."It"is"important"to"notice"that"the"amount"of"RNA"was"too"low"for"the"recommended"




















the"Cts"of" the" samples"were" lower" than"1.27" x"CtNTC" and" the"program"considered" the" signals" as" a"
noise."It"is"certainly"because"of"the"low"amount"of"cDNAs."Indeed,"the"incubation"time"of"the"Ascaris"






/µl)." As" only" tenFfold" serial" dilutions" were" done," assessing" the" detection" and" quantification" with"
supplementary"dilutions"could"refine"these"results."""








suspension" (cf." Table"16"and"Table"19)." Indeed," it"was" shown" that"within" sludge," there"are" typical"
PCR"inhibitors,"such"as"complex"polysaccharides,"bile"salts,"urate"and"lipids"[28]."Polysaccharides"are"























sequences."For" the"molecular"analysis," the"primer"pair" targeting"two"different"exons" in" the"AsFp18"
cDNA"was" selected" for" the"assessment"of" the"AsFp18"expression" level."The"primer"pair" targeting"a"































Furthermore," I"would" like" to" thank"Magalie"Bassan"who"helped"me"to" focus"on" the"essential" issue"
and"on"the"aim"of"the"project.""


























































































































































































































































































































































































































































































































































































































































































































































































































1 BioScript All-in-One cDNA Synthesis SuperMix
2. General Information
This product is designed for use in real-time quantitive PCR (RT-qPCR).
Digestion of genomic DNA before cDNA synthesis is strongly 
recommended.
Store at -20°C for up to one year. It is recommended to pre-aliquot the mix into small 
batches for frequent usage. Product quality is guaranteed under proper storage conditions.
BioScript All-in-One cDNA Synthesis SuperMix provides first-strand cDNA synthesis, 
optimized with the high-temperature capability of Reverse Transcriptase and an optimized 
SuperMix formula. In one tube, the pre-blended 5 × qRT SuperMix contains all the 
necessary components for reverse transcription of YOUR RNA template. The resulting cDNA 
product is suitable for use in real-time quantitative RT-PCR (qRT-PCR).
3. Kit Components
4. Storage and Quality Guarantee
The following protocol has been optimized for generating first-strand cDNA for use in 
qRT-PCR. 
5. Protocol for cDNA Synthesis
Component B24403
5 × qRT SuperMix*
5 × No RT ControlMix‡
RNase-free Water
* contains Buffer, dNTP, Reverse Transcriptase, RNase inhibitor, Random primers: Oligo dT primer mix.




1 mL × 2





Note：Digestion of genomic DNA with DNase I beforehand is strongly recommended.


















2BioScript All-in-One cDNA Synthesis SuperMix
b) Gently mix tube contents and incubate at
Incubate tube at 85 °C  for 2 minutes to inactivate BioScript All-in-One RT/RI. Chill on ice 
until contents reach room temperature.
d) Store at -20 °C  until use.
6. Important Points While Using This Product 
    (Please Read Carefully)
42 °C  for 15 minutes (for quick procedure). 
Gently invert the tube upside down several times before use. Do NOT vortex. Brief 
centrifugation prior to use is recommended.
a)
High-quality RNA template is recommended to ensure successful cDNA synthesis.b)
To eliminate false positive results by genomic DNA contamination, digestion of 
template RNA with DNase is strongly recommended.
c)
c)
Mixing all reaction components in one step will result in a successful reverse 
transcription reaction.
d)
For RNA templates of complex structure or to achieve higher synthesis efficiency of 
standard RNA templates, extend the incubation of template and primer as described.
e)
Note：The reaction is for detection of genomic DNA contamination recommended in RNA 
template.
For standard procedure: 
To obtain cDNA of higher quality, incubate the tube at 25 °C for 10 minutes, then at 42 °C for 30 
minutes for extension, and finally at 85 °C for 5 minutes to terminate the reaction.
No RT control (optional)
Component Volume
Total RNA/mRNA











































































































Left Threshold 1.000 
Standard Curve Imported No 
Standard Curve(1) conc=10^(-0.257*CT+9.691) 
Standard Curve(2) CT=-3.889*log(conc)+37.687 
Reaction efficiency(*) 0.8078(*=10^(-1/m)-1) 
M -3.88879 
B 37.68738 
R Value 0.99776 
R^2 Value 0.99553 
Start normalizing from cycle 1 
Noise Slope Correction No 
Reaction Efficiency Threshold Disabled 
Normalisation Method Standard 
Digital Filter Light 
No Template Control Threshold 27% 












No. Name Type Ct GivenConc(copies/ul) CalcConc(copies/ul) %Var 
A1 pASI-1 Standard 4.87 326026426 275423096 15.5% 
A2 pASI-1 Standard 4.83 326026426 281928157 13.5% 
A3 pASI-1 Standard 4.74 326026426 297518148 8.7% 
A4 pASI-2 Standard 7.46 32602643 59160748 81.5% 
A5 pASI-2 Standard 7.26 32602643 66813855 104.9% 
A6 pASI-2 Standard 7.33 32602643 63946173 96.1% 
A7 pASI-3 Standard 12.18 3260264 3633782 11.5% 
A8 pASI-3 Standard 12.69 3260264 2679813 17.8% 
B1 pASI-3 Standard 12.60 3260264 2820786 13.5% 
B2 pASI-4 Standard 16.84 326026 230082 29.4% 
B3 pASI-4 Standard 16.56 326026 270949 16.9% 
B4 pASI-4 Standard 16.98 326026 211518 35.1% 
B5 pASI-5 Standard 20.61 32603 24612 24.5% 
B6 pASI-5 Standard 21.21 32603 17232 47.1% 
B7 pASI-5 Standard 20.47 32603 26709 18.1% 
B8 pASI-6 Standard 23.79 3260 3744 14.9% 
C1 pASI-6 Standard 24.19 3260 2959 9.2% 
C2 pASI-6 Standard 24.76 3260 2113 35.2% 
E5 pASI-7 Standard 28.14 326 285 12.5% 
E6 pASI-7 Standard 27.88 326 333 2.2% 
E7 pASI-7 Standard 27.60 326 394 20.7% 
E8 pASI-8 Standard 30.92 33 55 66.3% 
F1 pASI-8 Standard 31.26 33 45 36.3% 
F2 pASI-8 Standard 31.39 33 42 26.2% 
F3 pASI-9 Standard  3   
F4 pASI-9 Standard  3   








































No. Name Type Ct GivenConc(Copies) CalcConc(Copies) %Var 
A1 NTC NTC     
A2 pASP-1 Standard 6.71 168827939 125677131 25.6% 
A3 pASP-1 Standard 6.60 168827939 133732915 20.8% 
A4 pASP-1 Standard 6.55 168827939 137982995 18.3% 
A5 pASP-2 Standard 9.50 16882794 23824007 41.1% 
A6 pASP-2 Standard 9.62 16882794 22193314 31.5% 
A7 pASP-2 Standard 9.70 16882794 21092518 24.9% 
A8 pASP-3 Standard 14.02 1688279 1615328 4.3% 
B1 pASP-3 Standard 13.74 1688279 1908959 13.1% 
B2 pASP-3 Standard 13.79 1688279 1844430 9.2% 
B3 pASP-4 Standard 17.52 168828 200809 18.9% 
B4 pASP-4 Standard 17.83 168828 166397 1.4% 
B5 pASP-4 Standard 17.66 168828 184088 9.0% 
B6 pASP-5 Standard 22.19 16883 12399 26.6% 
E5 pASP-5 Standard 22.07 16883 13332 21.0% 
E6 pASP-5 Standard 21.92 16883 14567 13.7% 
E7 pASP-6 Standard 25.10 1688 2191 29.8% 
E8 pASP-6 Standard 25.52 1688 1705 1.0% 
F1 pASP-6 Standard 25.54 1688 1690 0.1% 
F2 pASP-7 Standard 29.23 169 187 10.4% 
F3 pASP-7 Standard 29.85 169 129 23.4% 
F4 pASP-7 Standard 29.49 169 161 4.9% 
F5 pASP-8 Standard  17   
F6 pASP-8 Standard  17   
F7 pASP-8 Standard 33.06 17 19 12.2% 
F8 pASP-9 Standard  2   
G1 pASP-9 Standard  2   














Left Threshold 1.000 
Standard Curve Imported No 
Standard Curve (1) conc= 10^(-0.308*CT + 9.957) 
Standard Curve (2) CT = -3.250*log(conc) + 32.363 
Reaction efficiency (*) 1.03078 (* = 10^(-1/m) - 1)  
M -3.25031 
B 32.36291 
R Value 0.9988 
R^2 Value 0.9976 
Start normalising from cycle 1 
Noise Slope Correction No 
Reaction Efficiency Threshold Disabled  
Normalisation Method Standard 
Digital Filter Light 
No Template Control Threshold 27%  











No. Name Type Ct Given Conc (copies/ul) Calc Conc (copies/ul) % Var 
A1 pASC-1 Standard 5.23 297 916 519.00 222 352 397.72 25.4% 
A2 pASC-1 Standard 5.27 297 916 519.00 216 273 732.55 27.4% 
A3 pASC-1 Standard 5.30 297 916 519.00 211 606 482.13 29.0% 
A4 pASC-2 Standard 7.80 29 791 652.00 36 188 700.58 21.5% 
A5 pASC-2 Standard 7.44 29 791 652.00 46 599 372.31 56.4% 
A6 pASC-2 Standard 7.51 29 791 652.00 44 305 257.90 48.7% 
A7 pASC-3 Standard 10.75 2 979 165.00 4 455 065.35 49.5% 
A8 pASC-3 Standard 11.45 2 979 165.00 2 717 299.63 8.8% 
B1 pASC-3 Standard 10.94 2 979 165.00 3 902 487.63 31.0% 
B2 pASC-4 Standard 14.44 297 917.00 326 161.98 9.5% 
B3 pASC-4 Standard 14.20 297 917.00 387 315.27 30.0% 
B4 pASC-4 Standard 14.36 297 917.00 344 790.42 15.7% 
B5 pASC-5 Standard 17.95 29 792.00 27 195.39 8.7% 
B6 pASC-5 Standard 17.82 29 792.00 29 850.92 0.2% 
B7 pASC-5 Standard 18.20 29 792.00 22 741.55 23.7% 
E5 pASC-6 Standard 21.30 2 979.17 2 538.78 14.8% 
E6 pASC-6 Standard 21.35 2 979.17 2 447.35 17.9% 
E7 pASC-6 Standard 21.33 2 979.17 2 474.71 16.9% 
E8 pASC-7 Standard 24.86 297.92 203.86 31.6% 
F1 pASC-7 Standard 24.65 297.92 236.78 20.5% 
F2 pASC-7 Standard 24.85 297.92 204.47 31.4% 
F3 pASC-8 Standard 28.13 29.79 20.10 32.5% 
F4 pASC-8 Standard 27.67 29.79 27.87 6.4% 
F5 pASC-8 Standard 27.73 29.79 26.54 10.9% 
F6 pASC-9 Standard 30.25 2.98 4.47 49.9% 
F7 pASC-9 Standard 30.22 2.98 4.57 53.5% 
F8 pASC-9 Standard 30.16 2.98 4.75 59.4% 
G1 NTC NTC     
G2 Oligo + Unknown     
G3 Oligo - Unknown     
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